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(54) TOUGH TITANIUM ALLOY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a more tough titanium alloy capable of dealing with the need of 
further thinning. 

SOLUTION: This alloy has a compsn. contg., by weight, 4 to 10% Cr, 10 to 24% V, 2 to 6% Al, >0 to 0.2% 
and >0 to 0.05% C+N, contg. >0 to 4% Sn+Zr according to circumstances, contg. > 0 to 2% Fe according 
circumstances, contg. >0 to 2% Si according to circumstances, and the balance Ti with impurities. 



LEGAL STATUS 
[Date of request for examination] 
[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

i 

h c g e e h 



AV AU 



Copy 



Searching PAJ Page 2 o 



Copyright (C); 1998,2003 Japan Patent Office 



c g 



e e 



h 



' JP,2000-144286,A [DETAILED DESCRIPTION] 



Page 1 o 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the tough titanium alloy suitably used as a material of various 
com ponents as which it is lightweight and high inte nsit y and h i gh toug h ness are required, such as various sports, sue 
as for example, a golf club head, or leisure goods, other shafts for seawater-proof T various bolts, and bulb retainers. 
[0002] 

[Description of the Prior Art] Although it is in epidemia as a material of current and a golf club head to use a titanium 
alloy, as a titanium alloy in this case, there are casting Ti-6aluminum-4V, forging Ti-22V-4aluminum, Ti-15V- 
3 aluminum -3 Sn-3Zr, etc. 
[0003] 

[Problem(s) to be Solved by the Invention] Although it had the big advantage of being lightweight, with the golf club 
head made from such a titanium alloy, since there are needs to enlarge the volume of a head part further on the other 
hand, therefore weight could not be increased, the technical problem that much more toughening was desired from it 
being necessary to carry out thinning more occurred. 
[0004] 

[Objects of the Invention] This invention is made in view of such a conventional technical problem, and it aims at 
enabling it to correspond also to the needs of the thinning for volume increase of a golf club head by developing a 
tougher titanium alloy, without causing increase of weight. 
[0005] 

[Means for Solving the Problem] As indicated to claim 1, t he tough titanium alloy concerning this invention is weigh 
%. and is characterized by considering as the thing of the component presentation which consists of the remainder T 
and an impurity including Cr:4-10% V:10 - 24%, aluminum: 2-6%, O:0 excess -0.2%. and C+N O excess -0 05% 
[0006] And in the embodiment of the tough titanium alloy concerning this invention, as indicated to claim 2, it is 
characterized by including Sn+Zr:0 excess -4%. 

[0007] Similarly, as the embodiment of the tough titanium alloy concerning this invention is indicated to claim 3, it i 
characterized by including Fe:0 excess -2%. 

[0008] Similarly, as the embodiment of the tough titanium alloy concerning this invention is indicated to claim 4, it i 

characterized by including Si:0 excess -2%. 

[0009] 

[Function of the Invention] The reason for limitation of a component presentation (% of the weight) of the tough 
titanium alloy concerning this invention is as follows. 

[0010] Cr: 4-10%Cr is a component effective in carrying out solid solution strengthening of the beta matrix of a 
titanium alloy, in order to acquire such effectiveness, it is preferably good 5% or more or to carry out excess content 
5% 4% or more, but since it will come to deposit an intermetallic compound TiCr2 in the aging treatment for attainin 
high intensity -ization and will become the factor of a ductility fall if there are many Cr contents, it is good to conside 
as 8% or less preferably 10% or less. 

[001 1] Since V: 10 - 24%V is the beta stabilizers of a titanium alloy and it is a component effective in making a matr 
parent-phase-ize and making ductility good If there are many V contents, while it is good to consider as 13% or mor 
desirably 10% or more in order to acquire such effectiveness, but material cost will go up by abundant addition of 
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expensive V In order to make an aging reaction (alpha deposit) late, since [ - heat treatment of long duration is need 
— ] it is not economical, it is good to consider as 20% or less preferably 24% or less. 

[0012] aluminum: Since it is a component effective in strengthening alpha phase in which aluminum carries out an 
aging deposit 2 to 6% and is an element useful for high-intensity-izing, it is good to make it contain 3% or more 
preferably 2% or more, but since intermetallic compounds, such as Ti3 aluminum, will be deposited and it will come 
fall toughness if there are many aluminum contents, it is good to consider as 5.5% or less desirably 6% or less. 
[0013] Since O:0 excess - 0.2%O are components effective in strengthening alpha phase of a titanium alloy, it is 
desirable to consider as optimum dose and the thing made to contain 0.03% or more desirably, but when many [ too 
is good to consider as 0. 15% or less preferably 0.2% or less from coming to produce the fall of toughness. 
[0014] C+N:0 excess - 0.05%, since C and N are components effective in strengthening alpha phase of a titanium all 
like O, it is also desirable to make both C, and both [ either or ] into optimum dose and the thing made to contain 
0.01% or more desirably, but when many [ too ], it is good to consider as 0.04% or less preferably 0.05% or less from 
coming to produce the fall of toughness. 

[0015] Sn+Zr:0 excess - 4%, since each of Sn and Zr is components effective in carrying out solid solution 
strengthening of both alpha phase of a titanium alloy, and the parent phase Although it is possible to make it also ma 
both Sn, and both [ either or ] contain 0.5% or more desirably in the sum total of optimum dose, for example, both 
Since the contribution to solid solution strengthening will be saturated if there are too many Sn+Zr contents, it is goo 
to consider as 3.5% or less desirably 4% or less at both Sn, and both [ either or ]. 

[0016] Fe: Since 0 excess -2%Fe is a component effective in strengthening the parent phase of a titanium alloy like C 
it is also good to consider as optimum dose and the thing made to contain 0.3% or more desirably, but if many [ too 
in order to become easy to form an intermetallic compound and to produce the fall of toughness, it is good to conside 
as 1 .5% or less preferably 2% or less. 

[0017] Si: Since it is a component effective in Si making crystal grain detailed 0 excess - 2%, and improving 
reinforcement, it is also good to consider as optimum dose and the thing made to contain 0.05% or more desirably, b 
since the ductility fall by the deposit of silicide will be produced if many [ too ], it is good to consider as 1% or less 
preferably 2% or less. 
[0018] 

[Example] It cannot be overemphasized that this invention is not hereafter limited only to such an example although 
example of this invention is further explained to a detail. 

[0019] After ingoting the titanium alloy of each component presentation shown in Table 1 using a plasma scull (PSC 
furnace, ingot making was carried out respectively and the ingot with a diameter of about 100mm was obtained. 
[0020] Subsequently, after obtaining the round bar with a diameter of 16mm by forging each ingot, solution treatmen 
was carried out at the temperature near beta TORANZASU, and tractive characteristics (tensile strength and 
diaphragm) and the impact property by JIS No. (2mmU notch) 3 were continuously performed aging treatment and 
investigated about each test specimen at the various temperature of 400-600 degrees C, respectively. These results ar 
shown in Table 2 and drawing 1 , and drawing 2 . 
[0021] 
[Table 1] 
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[0022] Having been what was excellent in the toughness which extracts in the titanium alloy of this invention examp 
1-13 while tensile strength shows the bigger value compared with the titanium alloy of the examples 1-3 of a 
comparison, shows [ while a value is size, an impact resistance value is also size, and ] tensile strength, the diaphragm 
and the value that was excellent also in any of an impact resistance value, and can respond also to much more thinnin 
so that more clearly than the result shown in Table 1 and drawing 1 , and drawing 2 was admitted. 
[0023] 

[Effect of the Invention] As indicated to claim 1, in the tough titanium alloy by this invention by weight % Cr: 4-10% 
V:10 - 24%, aluminum:2-6%, O:0 excess -0.2%, Since it shall consist of the remainder Ti and an impurity including 
C+N:0 excess -0.05% The remarkably excellent effectiveness that it is possible to aim at increase of the volume by t 
thinning of a golf club head is brought about without being tensile strength, a diaphragm, and the tough titanium alio 
excellent in all of an impact resistance value, for example, causing increase of weight. 

[0024] And as indicated to claim 2, the remarkably excellent effectiveness that it is possible to achieve the further 
strengthening of a titanium alloy is brought about by including Sn+Zr:0 excess -4%. 

[0025] As indicated to claim 3, the remarkably excellent effectiveness that it is possible to achieve the further 
strengthening of a titanium alloy is brought about also by including Fe:0 excess -2% further again. 
[0026] As indicated to claim 4, the remarkably excellent effectiveness that it is possible to aim at much more 
improvement in on the strength of a titanium alloy is brought about also by including Si:0 excess -2% further again. 
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